Addiction is a chronic disorder marked by long-lasting maladaptive changes in behavior and in reward system function. However, the factors that contribute to the behavioral and biological changes that occur with addiction are complex and go beyond reward. Addiction involves changes in cognitive control and the development of disruptive drug-stimuli associations that can drive behavior. A reason for the strong influence drugs of abuse can exert on cognition may be the striking overlap between the neurobiological substrates of addiction and of learning and memory, especially areas involved in declarative memory. Declarative memories are critically involved in the formation of autobiographical memories, and the ability of drugs of abuse to alter these memories could be particularly detrimental. A key structure in this memory system is the hippocampus, which is critically involved in binding multimodal stimuli together to form complex long-term memories. While all drugs of abuse can alter hippocampal function, this review focuses on nicotine. Addiction to tobacco products is insidious, with the majority of smokers wanting to quit; yet the majority of those that attempt to quit fail. Nicotine addiction is associated with the presence of drug-context and drug-cue associations that trigger drug seeking behavior and altered cognition during periods of abstinence, which contributes to relapse. This suggests that understanding the effects of nicotine on learning and memory will advance understanding and potentially facilitate treating nicotine addiction. The following sections examine: (1) how the effects of nicotine on hippocampus-dependent learning change as nicotine administration transitions from acute to chronic and then to withdrawal from chronic treatment and the potential impact of these changes on addiction, (2) how nicotine usurps the cellular mechanisms of synaptic plasticity, (3) the physiological changes in the hippocampus that may contribute to nicotine withdrawal deficits in learning, and (4) the role of genetics and developmental stage (i.e., adolescence) in these effects.
Introduction
While addiction is often associated with reward, reinforcement, and changes in dopamine function, it is the premises of this review that a major contributing factor to the development and maintenance of addiction is the ability of substances of abuse to usurp the neurobiological substrates of learning and cellular plasticity and thus exert strong and lasting influences on behavior. Tremendous overlap exists between the neural substrates of learning and memory and the neural substrates of addiction. Areas that show overlap include, but are not limited to, the cerebral cortex, hippocampus, amygdala, and striatum (Kelley, 2004) . In support, strong activation of memory-related brain regions that include the dorsolateral prefrontal cortex and hippocampus has been correlated with smoking-related cues in adult heavy smokers (Franklin et al., 2007) . Further, a similar effect has also been observed in adolescent light smokers (Rubinstein et al., 2011) , which is indicative of the strong contribution memory can make to addictive processes very early on in the development of addiction. In addition, another study found that smoking-related images increased activation of the amygdala (an area involved in emotion-based learning (LeDoux, Thompson, Iadecola, Tucker, & Reis, 1983; Phillips & LeDoux, 1992; Sarter & Markowitsch, 1985) ) and hippocampus (Due, Huettel, Hall, & Rubin, 2002) . The striatum is involved with reward (Delgado, 2007) and reward-related learning (Belin, Jonkman, Dickinson, Robbins, & Everitt, 2009) , and years of smoking are associated with reduced reward-related activity in the striatum (Rose et al., 2012) . Together, these brains regions are often involved either directly (prefrontal cortex (Blumenfeld & Ranganath, 2007) and hippocampus (Scoville & Milner, 1957) ) or indirectly (amygdala: emotional modulation of memories (Dere, Pause, & Pietrowsky, 2010) and striatum: reward-based memories and decision making (Marschner et al., 2005) ) in declarative and episodic memory processes. Because declarative and episodic memory
